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During the last 25 years, cutaneous biologists have been particularly interested in 
abnormal cutaneous vascular patterns, the profusion of capillary anastomoses, the leakiness 
of venules, clotting, fibrinolysis, and blood viscosity. As a result, the effects of hypoxia and 
the factors that encourage new vessel proliferation are better understood than before. 
Only when the biologic behavior of the two extremes of growth from hypoplasia to 
hyperplasia is studied and compared can the blood supply of a tissue be understood. 
Hyperplastic tissues are seen in wounds, psoriasis, cancer, and in selected sites of chronic 
stasis and hypoxia where the vessels are extremely permeable, where blood cells easily 
escape, and where lymphatics dilate and proliferate. The proliferation of other tissues, such 
as endothelium, epithelium, mast cells, and probably of locally infective organisms, is also 
encouraged in hyperplasia. Moreover, fibrinolysis does not occur and fibrin is deposited, the 
electrostatic charge on the internal vascular surface becomes more positive, and the organ is 
more vulnerable to subsequent injury. 
Atrophic or hypoplastic tissues have a reduced cellular turnover and are less hypoxic. The 
vessels are less permeable, blood cells do not escape, there is only a slight tendency to clot, 
and fibrinolysis is often increased. Lymphatics are sparse and infection is not a feature. The 
electrostatic charge on the internal surface of the vessel is negative. 
Until about five years ago a dermatologist inter-
ested in the blood supply of the skin could find only 
a few relevant articles in the dermatology journals. 
These articles were concerned mostly with capil-
lary microscopy and histochemistry and with the 
pathology in vasculitis and hypostatic ulceration of 
the leg. Most students derived their knowledge 
from such texts as Rothman 's Physiology and 
Biochemistry of the Skin [1], monographs such as 
Bean's on vascular nevi [2], or Allen, Barker, and 
Hines's Peripheral Vascular Diseases [3], and more 
recently the comprehensive anatomical review by 
Moretti [4]. The 1961 volume of Advances in 
Biology of Skin, Volume 2, Blood Vessels and 
Circulation [5], was an extremely stimulating 
contribution . 
ANATOMY 
Rothman [1] evaluated the achievements of the 
previous 50 years which were not great; the brief 
section on anatomy, for instance, added little to 
that in Spalteholz [6]. Winkelmann et al [7] and 
Saunders [8] conveyed a vivid picture of the tre-
mendous variety and density of the skin's vascula-
ture as well as the innumerable anastomoses at 
all levels [8]. Montagna and Ellis [5] stated: "It 
will be noted that current studies indicate that too 
much emphasis has been placed on the apparently 
predictable geometric distribution of cutaneous 
vessels. Although plexuses of sorts do exist, they 
are all interconnected by vessels which completely 
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riddle the dermis." Authors like Spalteholz [6] 
realized that the blood vessels of the skin varied 
with age, region, and pathology, but this fact was 
not sufficiently emphasized. 
During the years before 1961, neither the mas-
sive proliferation of vessels in the skin of the 
newborn, in wounds, and in some skin disorders 
nor the extent of capillary absorption in old age 
received as much emphasis as did the anatomical 
constancy of the nailfold capillaries. The observa-
tions of Gilje [9], Gilje, Kierland, and Baldes [10], 
and Davis and Lawler [11], as well as the use of 
microscopes with long working-distance lenses, 
made it obvious that skin pathology was character-
ized by altered vascular patterns which required an 
explanation. The fact that some of these patterns 
were identical in otherwise dissimilar diseases 
made their diagnostic value limited. For instance, 
a coiled capillary occurs in diseases as diverse as 
psoriasis, cancer, mycosis fungoides, varicose ec-
zema, or a skin wound (Fig. 1). The blood vessels 
supplying the skin proliferate and atrophy and 
components such as endothelium and basement 
membrane are, to some extent, doing this all the 
time. A steady state prevails only in the uninjured 
skin of young adults. 
PHYSIOLOGY 
Rothman [1] admirably reviewed the physiology 
of the blood supply of the skin, but offered little to 
advance the theories of Sir Thomas Lewis [12] 
whose conclusions had been reported 27 years 
before. Even now, it seems extraordinary that so 
much uncertainty remains about the mechanisms 
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FIG. 1. Diagram of the type of vessel observed in hyperplastic tissues. a: It is leaky, has many alternative channels, 
an? sp:outs ~ew ,;,essels. b: Same vess~l ,:"ith additional common characteristics : (i) it is covered by a hyperplastic 
epIthellU~ (ll!. CrIss-cross .~etwork of fIbrm. c; same as b but with two further common associations: (i) lymphatic 
hyperplasIa, (n) more posItIvely charged internal surface. 
underlying skin color in the triple response or in 
the white reaction. Twenty-five years ago, only 
histamine and acetylcholine had been as well 
documented as the kinins, complement, plasmin, 
and prostaglandins are now. In Rothman's text [1], 
the importance of venules was only briefly alluded 
to and they seemed merely to be collecting tubules 
which leaked by accident. Capillaries were inert 
nonsecreting membranes. 
Today the venous end of the capillary, together 
with the venule, is recognized as the site of almost 
all that excites interest in the vasculature. In 
response to the metabolic demands of neighboring 
tissues, new vessels sprout from the venular seg-
ment of capillaries where oxygen tension is lowest. 
Control of clotting and fibrinolysis depends on the 
secretion of an activator of plasminogen that is pro-
duced maximally by venous endothelium; the ves-
sels which leak in inflammation are predominantly 
venules; and both the Arthus and Shwartzman phe-
nomena occur at this site. Cardiac output and ar-
teriolar resistance seem to control systemic blood 
pressure, but intracapillary pressure is as much a 
consequence of flow resistance, "slippage," blood 
viscosity, and ease of outflow, which itself depends 
on venular diameter. Since pressure is proportional 
to the number of branching vessels in the vascular 
tree, it falls stepwise at junctions. The relative pro-
fusion of venules in the skin incurs functional vul-
:l.erability [14]. 
Because the metabolic rate in skin is lower than 
in many less-well-perfused organs , some authors 
[15] have attributed this exuberant vasculature to 
the needs of thermoregulation. The chapter by 
Urbach on the vasculature of neoplasia in Ad-
uances in Biology of Skin , Volume 2 [16], was an 
example of the cross-fertilization of ideas from 
workers in other fields , welcomed and needed by 
both dermatologists and physiologists. Oncologists 
are aware that vascular anastomoses and venular 
profusion, as well as stasis and hypoxia, are 
features of tissues undergoing growth and repair 
and that such patterns protect whole tissues from 
the many insults which imperil their nutrition and 
oxygen supply. At the same time, the anastomoses 
decrease the homogeneity of the blood supply, 
causing some areas to be less well perfused and 
more vulnerable to ischemia. The skin is exposed 
to many kinds of injury, and a vasculature is 
created which only incidentally, and mainly in the 
postnatal period, is adapted for temperature regu-
lation. Ellis produced one highly significant illus-
tration of cross channels in a papillary vessel (Fig. 
1 in [17]). As yet there is no method of measuring 
flow through the three levels illustrated, but there 
can be stasis and hypoxia at the peak of the vessel 
while there is good flow in and out of the capillary 
loop. Thus, the epidermis can be hypoxic while 
total flow is actually high. Conversely, it is illogical 
to estimate the blood supply a tissue requires in 
terms of its oxygen consumption when, as is the 
case with the epidermis , abundant anaerobic path-
ways are available. Failure to distinguish between 
differences in volume of flow through the papillary 
vasculature and flow through the subpapillary 
vessels is partly responsible for the misinterpreta-
tion of blood flow studies in the skin. The skin is 
not an homogeneous organ, altho~gh many of the 
early descriptions of blood flow through it gave this 
impression . Thermometry, plethsymography, and 
the clearance of radioactive isotypes are all tech-
. niques in which various vascular channels are 
measured: superficial or deep, nutritional or non-
nutritional. The thermal clearance methods com-
bined with photoplethysmography [18] have 
helped to distinguish between upper dermal and 
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total skin blood flow. This is important because the 
total blood flow through the skin is often greatly 
increased at a time when stasis, and hence hy-
poxia, exist in capillaries and venules supplying 
the epidermis. In spite of claims that isotope 
clearance is a good guide to nutritional blood 
supply, one must doubt its accuracy in a non-
homogeneous organ, particularly its ability to 
distinguish different levels of clearance in the skin. 
It cannot be an indicator of how much oxygen is 
carried to the epidermis. Both normal skin and 
neoplasia stim ulate a profuse growth of new vessels 
without necessarily producing an efficient oxygen 
supply. The excessively rich pattern of venules 
which remain after growth has slowed down can be 
accounted for by the fact that once formed, these 
vessels are kept patent as alternative channels 
whenever nutritional vessels are blocked by hemo-
concentrated or cooled blood. A system of alterna-
tive channels preserves some flow through the 
organ. The theory that a profuse vasculature in 
skin can be explained only in terms of a ther-
moregulatory and not an oxygenating function fails 
to take into account the fact that a cold environ-
ment enhances stasis and hypoxia in superficial 
nutritional vessels and thereby increases the diver-
sion of blood through alternative channels. Cen-
trally controlled regulation of these vessels is 
absent in neonatal skin, which, relatively speak-
ing, has the most profuse vasculature of all to meet 
the nutritional requirements of its growth. 
Urbach [16] referred to life without air as the key 
to the problem of cancer. In his view, anoxia 
replaces indeterminate irritation, and subsequent 
adaptation to this hypoxia creates a biologic ad-
vantage which is a feature of neoplasia. In this 
respect, however, normal skin has much in com-
mon with neoplasia since intermittent ischemia 
encourages hypertrophy [19]. 
VISCOSITY 
Observers of nailfold capillaries had often dis-
cussed sludging of blood. The study of the rheology 
of blood flow, and particularly of blood viscosity, 
has been limited in the dermatologic literature. It 
is, however, particularly relevant to skin because 
venules, especially when cooled or coiled and 
supplying a tissue such as the epidermis, provide 
optimum conditions for a great but local increase 
in viscosity. Stasis and hypoxia, hemoconcentra-
tion, and alterations in the levels of plasma pro-
teins and fibrinogen in the circulation also cause 
local increases in blood viscosity. 
FIBRIN AND FIBRINOLYSIS 
Also missing from dermatologic literature were 
the relevance of fibrin to wound healing and any 
description of fibrinolysis. Except for the inclusion 
of Urbach's chapter in a symposium on the biology 
of skin vessels [16], there was little awareness of 
the problem of new vessel growth. Similarly, al-
though much had been written on vasculitis, it had 
been mainly concerned with the recognition of 
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different clinical patterns and causation. The 
mechanisms were not understood, for only in the 
last 25 years have studies of the responses of the 
microvascular system to injury produced enough 
facts to support the various hypotheses that try to 
explain vasculitis. 
THE BASIC REPERTOIRE OF THE SKIN CAPILLARY 
The repertoire of the blood vessel is limited. 
Despite the rich variety of patterns, they depend 
on limited variations in permeability, cellularity, 
contractility, new growth, clotting, and fibrinol-
ysis; these may seem complex and unpredictable, 
but they are not really so. The remainder of this 
paper will be devoted to describing a theory of 
blood supply which can explain most of the proper-
ties of the vascular system in disease. 
There is a spectrum ranging from hypoplasia to 
hyperplasia, two extremes which represent pathol-
ogy. Looked at as a curve of universal distribution 
(Fig. 2), the commonest pattern of blood supply to 
the epidermis is the hairpin-shaped papillary loop. 
Those patterns in which branching is reduced 
because the loops are absent lie to the left of the 
curve; coiled papillary vessels, numerous intercon-
necting channels, and junctions and multidirec-
tional budding of the endothelium lie at the 
extreme right of the curve (Fig. 1). In newborn and 
psoriasiform skin, in wound healing, and in cancer, 
there is a shift to the right, whereas in old age and 
in atrophic diseases, there is a shift to the left. 
Regional variations include, for example, a slight 
shift to the right on the elbows and knuckles, and 
to the left on the shins, thighs, and upper arms. 
At the extremes of the curve, there are variations 
which depend in part on the relationship of the 
vessels to the epidermis. Although hypertrophy 
and hyperplasia are usually represented by coiled 
vessels inserted well into the papillae and by 
extensive budding usually toward the epidermis, a 
morphologic variation consists of horizontal di-
lated vessels associated with a relatively flat 
epidermal-dermal interface. There is a rapid epi-
FIG. 2. Spectrum of growth ranging from hypoplasia to 
hyperplasia. The epidermis and its blood supply is 
atropic to the left but hypertrophic to the right. The 
curve of universal distribution suggests the relative 
frequency of vessel type in the skin in the population per 
unit area of skin surface. 
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dermal turnover and endothelial turnover without 
budding. To the left of the spectrum, atrophy is 
almost always characterized by the loss of the 
papillary vessels, and the subpapillary venous 
plexus is often attenuated. There are fewer 
branches or junctions, and those present show a 
greater difference between the diameter of the 
branch and that of the parent vessel. These ex-
tremes of the morphologic pattern, lying within a 
curve of universal distribution, represent com-
pletely different patterns of behavior. There are 
differences not only with respect to the number of 
vessels and their permeability, but also with regard 
to the localization of circulating hematogenous 
agents, the balance between coagulation and fi-
brinolysis, the electrical charge on the internal 
surface of the vessel, the related aggregation, and 
the ease with which leukocytes stick to the vessel 
wall. There are also differences in the rate of blood 
flow, the number of shunts, and the degree to 
which they are hypoxic. The volume of the organ 
supplied is usually larger to the right of the 
spectrum and smaller to the left. Numerous alter-
native channels are a feature of proliferating ves-
sels acting as shunts when there is reduced blood 
flow in parallel or preferential vessels. 
In the atrophic vascular patterns, on the other 
hand, the blood flow is often rapid and rarely stops 
for long periods, but should it do so, this can lead 
to severe skin infarction since there are no alterna-
tive channels through which flow can be main-
tained. Some of the earliest observations on the 
relation of flow rate to growth or attenuation of 
blood vessels were made by Clark [20] who pointed 
out that the fastest flow can be observed in vessels 
that are in the process of absorption, and that pro-
liferating new vessels usually have marked stasis 
and hemoconcentration. 
To the right of the spectrum of -epidermal blood 
supply, the vessels are leaky. Ultrastructural stud-
ies usually reveal gaps between their endothelial 
cells; their basement membrane is reduplicated or 
attenuated, and gaps in it are common and lym-
phatics numerous (Fig. Ie). To the left of the 
spectrum, leakiness is much less a feature and 
consequently lymphatics are few. 
FIBRINOLYSIS 
Endothelial cells secrete an activator of fibrinol-
ysis. The amount of fibrinolysis at any given time 
depends on the availability of circulating plas-
minogen and on the presence of inhibitors, some of 
which may be released by the epidermis. Although 
'1ew vessels are believed to secrete activator, this 
,.; annot always be demonstrated in the coiled and 
Droliferating vessels of psoriasis or wounds, which 
,'requently show no fibrinolysis associated with 
:'ibrin in the papilla. The importance of the bal-
mce between fibrin deposition and fibrinolysis 
.,hould be stressed since fibrinolysis is increased to 
:;he right of the spectrum but so too is coagulation; 
should activator or plasminogen be exhausted, 
overwhelming fibrin deposition may result (Fig. 
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1 b). To the left of the spectrum, atrophic vessels 
show a little fibrinolytic activity, but the larger 
telangiectatic vessels quite commonly show an 
excessive amount. This may be because the sur-
rounding atrophic epidermis is deficient in inhibi-
tor and because there is little triggering of coagula-
tion. Consequently, there is little exhaustion of 
fibrinolysis since atrophic epidermis is deficient in 
inhibitor. 
Turner, Kurban , and Ryan [21] in their initial 
studies of fibrinolysis were impressed by the loss of 
fibrinolysis that resulted from epidermal injury. 
Grice, Ryan, and Magnus [22] produced a similar 
striking effect with short-wave ultraviolet irradia-
tion. Extracts of epidermis contain a soluble inhib-
itor of fibrinolysis, which is loosely bound to 
activator [23]. Psoriasis is unusual in that fibrinol-
ysis is often excessive within the epidermis. The 
unlocking of such an activator-inhibitor complex 
in the tissues may explain the excessive fibrinolysis 
seen in psoriatic epidermis which is in direct 
contrast to the reduced fibrinolysis in the psoriatic 
dermis. 
The role of coagulation and fibrinolysis in the 
patterns described above is difficult to estimate. 
Certain characteristics are worth mentioning. In 
psoriasis, fibrin is often detected in the papilla, 
and the coiled vessels become completely throm-
bosed after such relatively mild injuries as scratch-
ing or prodding with a probe, but this does not 
seem to affect the lesion much since new vessels 
quickly develop. 
TELANG IECT ASIA 
The exact position of telangiectatic vessels in the 
growth spectrum is difficult to ascertain. In rosa-
cea, studies using tritiated thymidine [24] suggest 
a rapid turnover rate of cells in the vessels; 
moreover, the sinusoidal type of venule shows some 
of the features applicable to the right of the 
spectrum. In Campbell de Morgan spots, fenestra-
tions and reduplicated basement membranes are 
seen along with blood stasis, but obviously the 
epidermis does not derive much stimulus from 
such vessels. Only some forms are atrophic; not all 
flat, thin, epidermal epithelial tissues associated 
with such vessels have normal rates of turnover. 
Injury to the telangiectatic vessel which is associ-
ated with atrophic epidermis does not result in 
thrombosis and there are no reports of fibrin being 
present in such tissues. Such protection from 
clotting is necessary since flow through these 
dilated vessels is often negligible for very prolonged 
periods. Telangiectatic vessels seem well endowed 
with fibrinolytic activity and with mast cells 
which probably play some part in protecting the 
vessels from thrombosis. Obviously, there is a need 
to study the turnover rates in telangiectasia. 
EPIDERMAL CAPILLARY UNIT 
The factors which control these different pat-
terns of blood vessels should never be considered in 
isolation. The capillary is part of a unit which is 
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composed of the tissues supplied and the interven-
ing connective tissue. To the right of the spectrum 
of epidermal blood supply, the epidermis consists 
of cells with a rapid turnover rate and it often lies 
very close to the capillary (Fig. Ib). On the other 
hand, to the left of the spectrum where atrophy is a 
prominent feature, the tissue volume is small and 
the vessel is well separated from the epidermis . 
Ryan (25] has suggested that the epidermal capil-
lary unit consists of the epidermis, the blood 
vessels which are stimulated by it, and the inter-
vening connective tissue which is especially 
adapted to control the exchange between the two. 
Other factors include any cell or substance in the 
immediate vicinity. This speculative model is help-
ful in working out the relationship of the blood ves-
sels to the epidermis in various pathologic states. 
For instance, a recent pilot study of the types of 
vascular pattern suggested that they differ in the 
extractibility and stability of collagen (Francis and 
Ryan, unpublished data). When Ryan first sug-
gested that capillary behavior is directly in-
fluenced by the epidermis (26], he had only cir-
cumstantial evidence. More recent studies of epi-
dermal grafts and extracts of epidermis in the 
hamster cheek pouch have supported his theory. 
Nishioka and Ryan [27] used fetal epidermis which 
they wrapped in Millipore filter paper and placed 
on the bed of the hamster cheek pouch . \Volf and 
Harrison (28] confirmed that epidermis and epi-
dermal extracts are among the most potent stimu-
lants of new vessel growth. They did not explain 
how new capillaries grow up and over the graft by 
means of a scaffold of fibrin and perhaps of 
reticulin also. It may be relevant that some of the 
tissues which are the most potent stimulators of 
new vessel growth also lack fibrinolytic activity. In 
this context, it has been demonstrated that pyo-
genic granulomas stimulate new vessel formation 
in the hamster cheek pouch [29]; in one study 
(Kanan, Ellis, and Ryan, unpublished data) , all 6 
granulomas showed complete absence of fibrinol-
ysis. Thus, not all endothelial new growth is well 
endowed with activator. 
SURFACE CHARGE 
Abramson [30] was one of the first to point out 
that the electric charge on the surface of cells and 
vessels is important in such diverse biologic phe-
nomena as diapedesis, cell aggregation, adherence 
to blood vessel walls , and thrombosis. Sawyer and 
Srinivasan [31], who have done much to develop 
this hypothesis, have emphasized the negative 
charge on the internal surface of the normal vessel 
which prevents platelets and leukocytes from 
sticking to the wall. In the spectrum of vessel 
behavior discussed above, all the factors that 
sustain a negative charge on the internal surface of 
the vessel are prominently placed to the left of the 
spectrum, whereas such factors as hypoxia and 
increased permeability produce a positive charge 
on that surface (Fig. Ic). The exact role of hypoxia 
should be further explored. Sawyer's team has 
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demonstrated how antithrombogenic agents alter 
the charge. On the basis of their observations on 
heparin and other agents which are electron recipi-
ents, it is worth underscoring the hypothesis that 
melanin and heparin are two of the most important 
agents in preventing a shift to the right of the 
spectrum [32,33 J. 
THE ISCHEMIC INSULT: NEW VESSELS AND THE 
EXHAUSTION OF FIBRINOLYSIS 
The relationship between fibrin, fibrinolysis, 
vascular proliferation, and hypoxia has recently 
been explored by Cherry [19]. The problem was 
identified by plastic surgeons who observed that 
the skin became more vulnerable to ischemic insult 
when they were trying to increase the vascularity of 
skin flaps . When the flap was first raised, the blood 
flow was slightly impaired, but after a few days the 
vascularity increased. Apparently, new vessels 
were being formed and alternative channels were 
being converted into large shunts at the same time 
[35]. Cherry [19] observed that fibrinogen concen-
tration in the flap tissue had greatly increased and 
that fibrinolysis there was impaired. Later studies 
suggested that endothelial cells are injured by 
ischemia and that when they are subsequently 
reperfused, their endothelium is shed. In another 
study, the vessels have been shown to leak colloidal 
gold (Cherry and Kanan , unpublished data) and to 
be lined by neutrophils ; in addition, the lymphat-
ics were widely dilated. This study concluded that 
hypoxia stimulates neovascularization and that a 
pattern of behavior is superimposed on the tissue 
which makes it more vulnerable to injury. This 
feature lies to the right of the spectrum of vascular 
reactions. 
LEAKINESS IN HYPOXIC AREAS 
Kanan and various colleagues performed several 
experiments on the mucosal vessels of the nose in 
order to explain the localization of particulate 
matter, including such organisms as Mycobacte-
rium leprae which cause severe mutilation of the 
nose [35]. Kanan, Ryan, and Weddell showed that 
when carbon was injected into the tails of rats, it 
was localized in an extremely circumscribed area 
of the nasal mucosa [36]. The experiments were 
repeated with equal success with Leishmania en-
riettii [37] and quantitatively with colloidal gold 
[38]. A strong concentration of colloidal gold was 
found in the noses of animals exposed to cold and 
of ovariectomized animals given estrogen. The 
affected site was profusely vascularized with ven-
ules and the adjacent areas were rich in alternative 
channels. Moreover, it showed stasis and was 
hypoxic; the dilated venular capillaries had nu-
merous gaps between their endothelial cells and a 
fragmented basement membrane. 
These two studies have raised important ques-
tions not only about the relation between venular 
stasis, vascular permeability, and leakiness, and 
the localization of hematogenous agents, but also 
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about the role of fibrin and fibrinolysis and hy-
poxIa. 
INTRAVASCULAR COAGULATION 
In order to gain some further insight into the 
biology of blood vesselR, let us consider the prob-
lem of intravascular coagulation, which has until 
recently been ignored by dermatologists (Fig. 3). 
Intravascular coagulation is triggered by almost 
any injury to the endothelium, including ischemia. 
The initial effect of such injury is activation, 
followed by the exhaustion of fibrinolysis, the 
destruction of the endothelium, the repair and 
proliferation of vessels, even to the extent of 
angiomatosis, platelet aggregation, neutrophil di-
apedesis, and the activation of contractile pro-
tein [39]. The consequences of such reactions 
include fibrin deposition, new vessel growth, and 
the shunting of blood which contributes to further 
hypoxia. Total intrasvascular coagulation develops 
only if fibrinolysis is impaired or if the mononu-
clear macrophage system (reticuloendothelial sys-
tem) is paralyzed by overloading. 
Considering the spectrum of vessel behavior 
described above, it becomes apparent that much of 
what takes place in the vessels to the right of the 
spectrum is neither more nor less than the biologic 
response of vessels injured by hypoxia or by various 
other noxious processes and that this response is 
similar to what occurs in intravascular coaguiation. 
There is leakiness, neutrophil diapedesis, altera-
tion in the balance between fibrin and fibrinolysis, 
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neovascularization, shunting, and, as is becoming 
increasingly clear, deposition of hematogenous 
agents such as immune complexes. Impaired mac-
rophage function of the reticuloses may explain 
some of the vascular proliferation observed [40]. 
THE BIOLOGY OF NON STIMULUS 
The other end of the spectrum concerns the 
biology of nonstimulus, with too little injury, no 
coagulation, and insufficient vascular leakiness 
and diapedesis of neutrophils. Too little interac-
tion between the epidermis and its blood supply 
and too big a barrier between the two impair the 
relationship between the epidermis and dermis. 
There could be too little hypoxia and the macro-
phage system might be too efficient. 
RELEVANCE OF THIS CONCEPT TO DERMATOLOGY 
The spectrum so far described relates only to the 
blood supply of the epidermis, bu-t it could apply 
equally well to any tissue and its blood 
supply-the skin, the sweat duct, the hair follicle. 
The life cycle of the hair follicle swings from one 
end of the spectrum to the other, and many of the 
implications of Moretti et aI's [41] work on that 
cycle, where it concerns, for example, the mast 
cell, hyaluronidase, and adrenalin, can be applied 
to the spectrum in any organ; the same can be said 
of Adachi's studies on the glycolytic pathways [42]. 
Even vessels such as the horizontal subpapillary 
venous plexus, when injured, quickly shift to the 
right of the spectrum as fibrin is deposited, neutro-
/INJURY, 
INDIRECT from epithelial 
damage 
/ -
direction of endothelial migration 
is towards epithelium 
DIRECT from immune complex 
or endotoxi n 
----~~~--.--Endothelial cell Fibrinolysis, Fibrin Platelet Neutrophil Activator of 
Iys is and repai r sti mu lation aggregation sticki ness contracti Ie 
and exhaustion protein 
New vessels 
\ 
Vessel block 
scaffold for repair 
~ 
STASIS 
increased permeabi lity and flow 
th rough alternative channels 
) 
Vessel narrowing 
FIG. 3. Diagram of phenomena occurring when intravascular coagulation is triggered by injury to the vesseL 
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phils accumulate, and vessels leak. All of these 
features add up to an angiitis or vasculitis that can 
be regarded as nothing more than microvascular 
injury [43). 
The response to injury which has been described 
in intravascular coagulation is equally applicable 
to a wide range of pathologic processes: gaps 
between endothelial cells, stickiness of neutro-
phils, fibrin deposition and vascular destruction , 
repair and proliferation. Some of these features are 
common to many diseases of the skin, such as 
vasculitis or psoriasis. One can conceive of a 
spectrum of response to injury ranging from urti-
caria through vasculitis to ischemic necrosis (Fig. 
4). One difference between the response of the 
endothelium in vasculitis as opposed to that in 
psoriasis concerns the direction of endothelial 
growth. In psoriasis, it is toward the epidermis, but 
in vasculitis such directional influence is usually 
lacking since the injury comes usually from within 
the vessel rather than from without. 
In intravascular coagulation, fibrinolysis and 
macrophage activity are responsible for the extent 
of fibrin deposition; the same applies in vasculitis 
and psoriasiform skin. When both activities are 
impaired, vasculitis is more severe; in other words, 
there is a shift to the right of the spectrum. 
In wound healing, cancer, and psoriasis , the 
inability to restore the normal contours of the 
normal epidermal-dermal interface is due to the 
failure to remove fibrin and the products of injury . 
This is particularly true of diseases of the reticulo-
endothelial system which frequently produce a 
pattern that not only is psoriatic but also proceeds 
to ischemic necrosis. 
The biology of the blood supply to the skin 
includes a repertoire which is characteristic of 
injured vessels and lies to the right of the spectrum 
but which differs completely from that of unin-
jured or atrophic tissues. On the one hand, it 
imparts to the tissue a proliferative or reparative 
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response and a system of alternative channels that 
prevent the whole skin from being deprived of its 
blood supply during the initial period of stasis. On 
the other hand, the tissue is more vulnerable to a 
second injury during the phase of repair. The skin 
vasculature shows the functional vulnerability of 
all venous blood supply [43) and has many of the 
characteristics of a "shock organ" such as poor 
perfusion and a lack of homogeneity of its oxygen 
supply. Subcutaneous fat is particularly vulnera-
ble since it is usually hypoxic and suffers from 
early cessation of blood flow during shock [44) and 
from necrosis during cold. This fact explains the 
repetitive injury of the Shwartzman phenomenon, 
the necrosis in skin flaps after previous ischemic 
insults, and the particular vulnerability of scarred 
tissue. It also accounts for the hyperreactivity of 
the skin to injury in such disorders as Beh<;et's 
syndrome, pyoderma gangrenosum, and Bazin's 
disease. The biology of the skin also includes a 
particular pattern of behavior that fosters certain 
tropical infections. Stasis and vascular hyper-
permeability encourage the localization of circulat-
ing particulate matter at hypoxic sites. Kanan 
and Ryan (45) concentrated on the nasal mucosa, 
but they believed that the skin behaves in a similar 
fashion. They suggested that since such sites of 
localization are often cool, organisms which thrive 
at lower than body temperatures in hypoxic sur-
roundings may grow there. Certain other associ-
ated features ensure that once organisms have 
settled there, they are disseminated into the envi-
ronment. The reason for this is a combination of 
dermal degeneration, ischemic necrosis, papillary 
elimination, and inward growth of epidermis on a 
scaffold of fibrin or altered collagen. This excretion 
of organisms occurs at sites where the conditions 
for localization and growth are optimal and it 
contributes to the dissemination of such diseases 
as leprosy, tuberculosis, and leishmaniasis. 
Using carbon as a nonspecific particle, Kanan 
FOUR DIFFERENT PATTERNS OF RESPONSE TO IDENTICAL INJURY 
Instantly Vessels injured 
removed. Instant repai r 
No pathology Transient increase in 
permeability e. g. 
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FIG. 4. Spectrum of response to injury. T = Permeability; 0 = cells. 
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(unpublished data) showed that excretion from the 
nose was maximal when the amount of carbon in 
the blood was greatest; an equivalent situation 
may account for the excretion of bacilli from both 
nose and skin in lepromatous leprosy when the 
reticuloendothelial system is overloaded. Other 
sites of clearance within the reticuloendothelial 
system, such as the liver, may be overwhelmed, 
but other questions should be considered . These 
include the role of platelet aggregation in particu-
late matter and the extent to which local variations 
in fibrin deposition and fibrinolysis control disag-
gregation. The deposition of bacteria, immune 
complexes, or even neutrophils could conceivably 
be permitted at sites where fibrinolysis is dis-
turbed, where coagulation is enhanced, and where 
platelet thrombogenesis is overwhelming. Such 
factors must and will be explored because of their 
importance in diseases such as vasculitis, leprosy, 
and psoriasis. The deposition of immunoglobulins 
in the tissues has been described in each of these 
three disorders. An overwhelming extravasation of 
neutrophils becomes important in such disorders 
as leukocytoclastic angiitis, the Arthus phenome-
non, and psoriasis. The presence of neutrophilia 
and a shift of the vasculature toward the right 
must inevitably lead to the extravasation of neu-
trophils. Similarly, hypoxia is another factor com-
mon to vasculitis, leprosy, and psoriasis. Vasculitis 
and ischemic injury have much in common as 
Cherry, Kanan, and Ryan pointed out in their 
monograph [43]. In leprosy, one of the questions 
still to be answered is the extent to which hypoxia 
encourages the growth of mycobacterium. In pso-
riasis, the role of hypoxia in altering the biochemis-
try of epithelial tissues and hence their turnover 
needs more elucidation along the lines begun by 
Halprin and Ohkawara [46]. 
TUMOR BLOOD SUPPLY 
This subject has been widely debated by oncolo-
gists since they are for the most part dealing with 
tumors and their blood supply which lies mainly to 
the right of the spectrum. Treatment such as 
radiotherapy produces shifts to the left of that 
spectrum. Dermatologists have something to learn 
from radiotherapists who believe that the skin is 
normally hypoxic and that hyperplasia and non-
homogeneous perfusion and oxygenation explain 
some of the behavior of tumors. 
A certain problem is whether the hypoxia in a 
tumor is due simply to its outgrowing its blood 
i:iupply or whether mild hypoxia as such encourages 
\.limor growth. New vessel growth occurs mostly at 
ihose points in the vascular tree where oxygen 
ension is lowest. This ~ay well be due to the 
j emands of the tumor; hence it is reasonable to 
presume that the new vessels influence the subse-
1Uent development of the tumor. In most systems 
; 0 far studied, the type of biologic behavior that 
~haracterizes a shift to the right of the spectrum 
md is typical in tumors also renders these neo-
:) lasms more vulnerable to total ischemic necrosis, 
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principally because of coagulation. As in psoriasis, 
this in no way prevents repair by surrounding cells; 
it may even encourage further proliferation. The 
degree of vessel destruction that occurs in psoriasis 
without any apparent depression of the lesion is 
astonishing. The same is probably true of the 
lymphatic system. 
The main stimulus to new vessel growth origi-
nates in the organ supplied. In cancer, the tumor 
cell is the equivalent of normal epidermis in this 
respect. Both produce angiogenic factors, and 
when the organ atrophies either spontaneously or 
as a result of irradiation to leave a volume of tissue 
too small to provide much stimulus, the result is a 
marked atrophy and unresponsiveness of the vas-
cular supply to the atrophic organ. Such tissues 
often have a normal or an increased blood flow; 
they are less hypoxic but are probably starved in 
other respects. Treatments which are most effec-
tive produce neither necrosis nor atrophy; this is 
why radiobiologists are interested in fractionated 
therapy. 
CONCLUSION 
A better understanding of the biology of skin 
vasculature should produce fresh ideas on the 
management of disease. Two aspects remain tan-
talizingly secret: the biochemistry of hypoxia and 
the control of the negative electrical charge on the 
inner surface of the vessel. 
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